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There is a need to maintain water quality by improving the quality of domestic sewage 
discharge for reducing coastal contamination at remote water village settlements. The 
purpose of this study is to develop smallest modular design for an independent 
sewerage treatment plant (iSTP) system for reducing water contamination at timber 
water villages. This study focused on conducting quality discharge tests on sewage 
inflows covering BOD5, COD, TSS, pH and AN. In addition, it is hypothesized that by 
controlling 5 person sewage inflows for a timber house, the size of the STP could be 
reduced by adding oxygen transfer efficiency (OTE) technology with controlled 
aeration time to maintain quality discharge compatible with Malaysian water standards. 
This study started with test results of an iSTP 600 L system design and its overall 
Standard A average according to SPAN (2009). The results help determined the 
specifications for designing one iSTP 350 L system. The next step was conducting the 
design calculation for structural loading to timber structures for supporting the iSTP 
350 L system design. The results of the study include the development of a proof-of-
concept prototype for determining and recommending the design specifications of the 
smallest iSTP system for timber structures. In essence, the study proposed a 350 L 
iSTP system prototype which is capable of discharging good water quality. The quality 
of the new iSTP system prototype was checked against 5 environmental tests (i.e., 
BOD5, COD, TSS, AN, pH) and meets the Standard A requirements according to 
SPAN (2009) with 6 hours aeration time. The 350 L iSTP system is a modular system 
that enables suspended installation under the structural framing system of a raised floor 
which allows easy transportation, installation and maintenance in environmentally 
sensitive locations. The iSTP 350 L system design is unique due to its modular and 
detachable components with possibilities to be installed on columns and beams.  Future 
studies are recommended to add oil and grease test, use of advanced media and 
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Terdapat keperluan untuk mengekalkan kualiti air melalui peningkatan kualiti sisa 
kumbahan domestik terbuang demi mengurangkan pencemaran perairan di penempatan 
perkampungan air di pendalaman. Kajian ini bertujuan untuk mereka bentuk sebuah 
sistem loji rawatan kumbahan terasing (iSTP) bagi mengurangkan pencemaran air di 
penempatan air yang diperbuat dari kayu. Kajian memfokuskan kepada menjalan ujian-
ujian ke atas kualiti aliran masuk sisa terbuang yang merangkumi BOD5, COD, TSS, 
pH dan AN. Tambahan, kajian menetapkan hipotesis di mana “Dengan mengawal 
aliran masuk sisa kumbahan terbuang 5 orang yang tinggal di sebuah rumah kayu, saiz 
STP dapat dikecilkan dengan menambahkan teknologi oxygen transfer efficiency 
(OTE) yang mengawal waktu pengudaraan yang terkawal untuk mengekalkan kualiti 
sisa terbuang yang memenuhi standard air Malaysia. Kajian ini dimulakan dengan 
mengkaji hasil dapatan rekabentuk sistem sebuah iSTP 600 L yang mencapai Standard 
A secara purata mengikut SPAN (2009) bagi membantu menetapkan spesifikasi 
mereka bentuk sebuah sistem iSTP 350 L. Langkah berikutnya adalah menjalankan 
pergiraan reka bentuk struktur bebanan yang mampu menyokong reka bentuk sistem 
iSTP 350 L. Hasil dapatan kajian merangkumi pembangunan prototaip proof-of-
concept bagi menetapkan dan mencadangkan spesifikasi reka bentuk sistem iSTP 
terkecil untuk struktur kayu. Kesimpulan dari kajian ini telah mencadangkan sebuah 
prototaip iSTP 350 L yang mampu mengeluarkan sisa kumbahan yang baik kualiti 
airnya. Kualiti prototaip sistem iSTP baharu disemak dengan 5 ujian alam persekitaran 
(iaitu BOD5, COD, TSS, AN dan pH) dan ianya memenuhi keperluan Standard A 
mengikut SPAN (2009) dengan tempoh pengudaraan selama 6 jam. Kelebihan sistem 
350 L iSTP ini adalah, ianya sebuah sistem yang modular yang boleh digantung di 
bawah sistem kerangka struktur bangunan yang berpanggung. Reka bentuk modular 
turut memudahkan transportasi, pemasangan dan penyelenggaraan dalam lokasi 
persekitaran yang sensitif. Reka bentuk sistem iSTP 350 L adalah unik kerana ianya 
modular dan komponen-komponennya boleh diasingkan bagi membolehkannya mudah 
dipasang di atas tiang dan rasuk rumah-rumah kayu. Cadangan kajian pada masa 
hadapan termasuklah pengujian minyak dan gris, penggunaan media termaju dan 
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1.1   Introduction 
 
This chapter describes the overview of this research. It introduces the indigenous 
timber houses and the industrialized timber houses. This chapter also covers the 
background of this study, problem statement, research design framework, scope of the 
study, definitions of key terms, and outline of the study.   
 
 
1.2   Indigenous Timber Houses 
 
Indigenous timber houses are made of wood and foliage and have a simple structure. 
These houses can be built everywhere in Malaysia. Some of them are built on the water 
at the beach and some of them on the ground. Due to the need of indigenous people to 
live along the water, these homes can be found in the surrounding waters (Fien et al., 
2008). It is estimated that the population of world‟s indigenous people is about 370 
million from 70 countries (America et al., 2012). They are different in retaining social, 
cultural, economic and political characteristics that are distinct from those of the 
dominant society in which they live (Harry & Shelton, 2000).  In Malaysia, most of 
these houses are available in Sabah, the second largest state. This state is on the third 
largest island in the world (Combrink et al., 2008). Sabah is surrounded by South 
China Sea in the west, the Sulu Sea in the northeast and the Celebes Sea in the east 
(Azizi, 2014). The population of Sabah is about 2 million and is divided into three 
main indigenous groups. The first one is Kadazan-Dusun, the largest number of people 
who are living in Sabah (Combrink et al., 2008). They live in the interior plains. The 
second group in Sabah is the Muruts. They live in the interior region close to the 
borders of Sarawak and Kalimantan. The third group is the Bajaus. Bajaus live in the 
eastern and western coasts of Sabah (Shaari & Law, 2014). The main skills of these 
indigenous people are fishing and rice farming.  Due to this, they need to live near the 
water and which led many to call them water people of Sabah. Bajaus started to live in 
Sabah about 200 years ago. They are living between a nomadic and sedentary life. 
Their houses are on the water but not far from the land (Combrink et al., 2008). Most 
young Bajaus swim around their houses and catch fish, octopus and lobsters. They live 
with their family in timber houses along coastal areas. Bajau people prefer traditional 
living at oceans (Rahinah Ibrahim, 2015). However, they come to the land to trade fish 
for rice. The Bajau children catch fish and octopus early in their life (Belud & Sama, 
2008).  Every day, Bajau children try to learn to catch fish and they lack opportunity to 
go to school.  They cannot live on land and they prefer to live on sea or oceans and 
build wooden huts out on the water (Komunikasi, 2010). This situation can create 
problems for the Bajau people and they do not have any information about the 
environment and hygiene and they can cause problem to the environment (Combrink et 













1.3   Industrializing Houses in Timber 
 
Nowadays, industrialized houses are found in all parts of the world and many 
indigenous people are living in these houses. Malaysia is one of the countries that have 
the most number of Industrialized houses (Jabar, 2014).  The variety of geographic 
location and climates in different countries define the structures of these houses which 
are consistent with the surrounding area and climate. The houses are different in shapes 
and materials in different parts of the world (Pacific, Islanders, & New Zealand, 2002). 
Industrialized houses were started in the 1960‟s (Balasbaneh, Kadir, & Marsono, 
2013). Malaysia followed the European countries and tried to develop industrialized 
house projects. Industrialized houses are a construction system industry that entails 
special manufacturing and assembly with minimum labour and site work which is 
considered an advantage (Nor et al., 2012). Another important advantage of 
industrialized houses is the integrated manufacturing and construction process 
(Balasbaneh et al., 2013). Ordinary people are the common dwellers of these types of 
houses. These houses are also commonly built for tourist attractions at the coasts. 
According to the national indigenous housing research (2009), industrialized houses 
are helpful for the health as well. As mentioned earlier, these houses are also used as 
temporary residences. Industrialized houses are a major homestay with the potential to 
enhance the health of people who live in the city.  Many people may be interested in 
living in these homes for a short time or even for long-term  (Partnership, Housing, & 
Review, 2013). Same as indigenous houses, the timber architecture has a wood design 
structure.  All components of these houses are made of wooden materials such as the 
walls, floors, and roofs.  Today, most industrialized houses are built with other 
materials such as mud and brick (Tyagi et al., 2011). The structure of industrialized 
houses has a simple architecture. Separate parts of the house are manufactured in 
factories and are assembled on site. Today, Industrialized  houses are built in many 
different countries (Kamar & Hamid, 2011).  In Sabah of Malaysia, the construction 
industry has changed its direction from traditional methods to industrialized house 
manufacturing and the like. These types of projects have changed into product based 
and the prefabricated system or architectural system is transferred to manufacturing in 
some countries including Australia, Hong Kong, Singapore, United Kingdom, and the 
United States (Nor et al., 2012). The advantages of Industrial Building Systems are 
implementation of prefabrication in the construction industry which has enhanced 
productivity and improved its quality (Athukorala, 1996). Other advantages include 
shortened construction time, lower overall construction cost, improved quality, 
enhanced durability, better architectural appearance, enhanced occupational health and 
safety, material conservation, less construction site waste, less environmental 
emissions, and the reduction of energy and water consumption (Nor et al., 2012). The 
Malaysian government tries to encourage the construction industry to move toward 
Industrialized Building Systems which can produce high volumes of industrialized 
houses with lower expenses for people from different socio-economic background 
(Thanoon, 2003). The industrialized houses have an integrated manufacturing and 
construction process with well-planned organization for efficient management (Musa 
et al., 2014). This style of management helps to prepare and control the resources that 
are used for activities and results. These types of houses can be supported by the use of 
highly developed components. Today, climate change and resource scarcity combined 
with the need of cleaner environments and an ever growing economic scarcity problem 
threatens our ability to reach this goal (Kamar et al., 2011). Industrialized houses can 










can control human resources and expenses in scheduling and staffing. In fact, this 
entails a shortened construction period that increases the quality of work and building 
(Embong, 2000). In addition, another advantage of industrialized houses is they  do not 
require complicated construction (Hussin et al., 2013). According to the Construction 
Industry Development Board (CIDB), industrialized houses provide a construction 
system that is comparable with manufacturing in a controlled environment. This 
construction can be transported, positioned and assembled at the same time and 
without extra site woks (Nor et al., 2012). 
 
 
1.4   Background of the Study  
 
Today, indigenous houses are a major part of some communities‟ well-being. In the 
past, the houses belonged to the indigenous people only and no one else used to live in 
them. Indigenous houses are houses that are very simple in structure and are made of 
wood. Foliage are also used for building these houses (Richmond & Ross, 2009). In 
fact, the materials used for this type of houses are very simple including materials used 
for doors, windows, lavatories, kitchens. When modern sciences and technology are 
developed and used in the construction of these houses, local people became eager to 
use them. In fact, these houses with simple structure have basic technology for 
indigenous people and, nowadays, local people are interested in using this basic 
technology (Lohmann, 2009). Indigenous houses exist in all parts of the world, but 
what make these houses different are their simple structure and their usage by ordinary 
people, and also, they can be spacious and provide physical comfort for people. Most 
of these houses are built beside water, because indigenous people needed water for 
washing and drinking, hence, they prefer to build their houses close to the waters. 
Nowadays, this culture is still alive (Akinnifesi et al., 2008). On the other hand, these 
houses can negatively affect the environment. As mentioned earlier, these homes have 
the lowest standards of living and normally lower class of people, such as indigenous 
people, live in them. Thus, some basic facilities have been provided in these houses 
which can help to fix some of the issues but there are still some problems (Bromley, 
2009). One of the features that can create problem is the toilet. Toilet facilities are one 
of the issues that the indigenous houses have faced before and after the development. 
This means that before improving a local home, some features may be added such as 
toilet, but indigenous people prefer the river side or inside the water rather than going 
to the bathroom. This is another reason behind indigenous peoples‟ preference to build 
their houses near the water. Unfortunately, today‟s indigenous people continue to wash 
themselves in the waters surrounding their houses, such as rivers and sea. In fact, this is 
a major issue that can create problems for the environment and other people. Raw 
sewage and water contamination which are close to people‟s living area can transfer 











Figure 1.1: Timber House in Sabah, (Sources are Ibrahim 2015) 
 
 
Furthermore, given that the developed indigenous houses have toilets, they still create 
raw sewerage and water contamination, because the toilet area is inside the houses with 
no sewerage system to transfer the sewerage and contaminated water to wastewater 
treatment plant. The important point regarding raw sewerage and water contamination 
is the treatment plant.  In fact, in order to reduce the pollution in the environment and 
prevent the spread of infection, raw sewerage and polluted water that come from 
people need to be treated (Struthers & Eschiti, 2005). Today, the indigenous houses 
that have toilet facilities transfer the waste water and raw sewerages into the rivers and 
the sea directly.  This is the negative effect of these types of houses that existed from 
the beginning till now (Yuan, 2002) 
 
Figure 1.2: Broken Pipes to Central STP at Water Village,  













Transferring raw sewage from the houses is complicated. For example, special types of 
pipes are needed for transferring the raw sewage and wastewater from the houses to the 
wastewater treatment plant. Moreover, since indigenous houses are far from the 
wastewater treatment plant, they need a lot of pipes and special pumps for transferring 
the raw sewage and wastewater. Therefore, it is not economically efficient (Je et al., 
2000). In addition, although these homes are surrounded by waters, maintenance of 
sewerage systems is difficult and impossible. In fact, some of these houses are built on 
water, and hence, building a central system for collecting raw sewage is difficult on the 
water (William, 1997). In some cases, there are proposals to collect sewage from the 
tank after a few days and the sewage will be drained by truck, but it is difficult a 
difficult procedure, and in some areas, heavy cars such as trucks cannot pass.  If left 
unresolved, this can lead to outbreak of disease. Overall, the discharge of sewage water 
is the best and easiest way (Bruce E, 2007).  
 
 
Figure 1.3: Low Tide Condition, (Sources are Ibrahim 2015) 
 
 
Studies have shown that flowing water acts as a filtration system and the contamination 
of water will be reduced while flowing.  In fact, when water is flowing in a river, solids 
are suspend in the water and then the suspended solids will be gradually divided into 
smaller parts in the water (Quayle et al., 2009).  Due to the presence of sand and gravel 
in the river, suspended solids like to stay with sand and gravel. Therefore, water 
contamination will be reduced automatically.  But these waters have certain standards 
that  introducing excessive suspended solids into it can disturb the natural cycle and 
endanger organisms in the water (Mucha et al., 2005).Malaysia is one of the countries 
having a large number of indigenous people and there are plenty of indigenous houses 
in different parts of Malaysia. So there is no doubt that the country is faced with a large 
amount of raw sewage in nature (Said, 1996). Today, the Malaysian government has 










encouraged to use these interior facilities and they do not use rivers and the sea for 
washing. However, these efforts have been inconclusive because of two major 
problems arising. The first problem is that the government is forced to build houses on 
the water because the indigenous people have the desire to live in these houses, but as 
noted above, the indigenous houses are far away from wastewater plant and this creates 
problems for transferring the raw sewage. To this, the government build absorption 
wells, a traditional wastewater treatment method. In this method, raw sewage enters 
into wells and sewage water is absorbed, suspended solids that comes from sewage 
uptake over time is converted to sludge. One of the disadvantages of this method is that 
the cycle of  groundwater will be polluted by absorption of sewage (Yuan, 2002). The 
second problem lies in the culture of the indigenous people. Although new indigenous 
houses have some facilities, they prefer to wash themselves in the rivers and the sea. 
This culture is of instinct that was ingrained from ancient times until today, which is 
interwoven with them (Godoy et al., 2010). 
 
 
1.5   Problem Statement  
 
Today, the application of advanced wastewater treatment systems is common and 
crucial around the world and the emphasis is on the standardization process of 
wastewater treatment. In some parts of the world, due to the unique geography of that 
area, wastewater undergoes changes (Whittington et al., 2009).  Houses on water are 
prominent cases of lack of standard in wastewater treatment plant. In this type of 
houses, because of the high cost and difficulty of installation of wastewater treatment 
plant, wastewater is directly disposed to water.  In fact, domestic wastewater treatment 
plants require a large area to dispose wastewater from indigenous houses and since 
such areas are not easy to find, wastewater is directly disposed to water bodies.  The 
presence of raw sewage in the environment is causing some problems. These problems 
can also be dangerous for humans and environment (Giltner, Habash, & Burrows, 
2010). Transmission of dangerous diseases is one of the problems that arise from 
human raw sewage. Cholera is a disease that is transmitted to humans through raw 
sewage. Cholera is an infectious disease that is transmitted through contaminated water 
and food. Cholera bacterium has the ability to move from one place to another and it 
can have different reactions in different situations (Ghose, 2011). Cholera bacteria are 
transposable through humidity and environment and it is not restricted to the 
displacement. In this case, cholera bacteria can move long distances and can be 
transmitted to humans through food and water. For example, if plants are fed from 
water that carries cholera bacteria, the plant is a carrier of cholera bacteria and it can be 
transferred to humans or animals. One of the modes of transmission of cholera bacteria 
in water is through faeces. Therefore, health and environmental conditions do play an 
important role in the transmission of the cholera bacteria. In poor countries, the risks of 
further spreading of the disease are high. Moreover, many of these countries do not 
have true wastewater treatment plant and raw sewage is transferred to environment 
directly. In 1994, in a refugee camp in Goma, Democratic Republic of the Congo, a 
major epidemic took place and 23,800 deaths occurred within one month (Wong, Liu, 
Liu, Chung, & Shimada, 2002). The cholera epidemic of wastewater was among the 
first diseases in the list of international human regulation (IHR). According to 
regulations established by the UN General Assembly, all countries need to control raw 
sewage and avoid disposing raw sewage into nature without treatment (Goldstein, 










for indigenous houses or water village houses that transfer raw sewage into water 
directly (Whittington et al., 2009).  Unfortunately, most of these types of homes are in 
countries that are considered tourist attraction and do not follow the standards set forth 
in the IHR list. There are several reasons why a house lacks a purification system; one 
of them could be the cost and the second one is the problem of transferring sewage to 
the location of treatment plant. The study refers to the transferring part. These are the 
two main reasons why these homes do not have a sewerage system or treatment plant 
and caus e outbreaks of disease (Goldstein, 2012). The second problem which stems 
from raw wastewater is uncontrolled growth of aquatic plants. Actually, human faeces 
have organic matter that contains phosphates and nitrates. These organic materials are 
considered as fertilizer. When raw sewage enters the water without treatment, 
phosphates and nitrates in raw sewage are the best food for growing plants in water and 
cause excessive growth of aquatic plants (Michigan, 2012). Excessive growth of 
aquatic plants cause problems. This problem can be explained as follows: 
 
i. Uncontrolled growth of plants covers water surface and prevents recreational 
activities such as swimming, fishing, and boating; 
ii. Excessive growth of aquatic plants creates a shelter for small fish which can 
lead to increase of the fish population. 
iii. Excessive aquatic plants can help reduce the amount of oxygen and can cause 
the death of aquatic plants. Water has standard oxygen and excessive growth 
of aquatic plants can cause disruption in the balance.  
 
Therefore, the study posits that there is a need to maintain water quality by improving 




1.6   Research Design Framework 
 
This section explains how the researcher designed the research framework. It 
highlights the research questions (RQs) and research objectives (ROs) and summarizes 












 Developing an independent sewerage treatment plant system for reducing water contamination at water villages in Sabah 
Problem Statement:  
There is a need to improve water quality by improving domestic sewerage discharge for reducing contamination in  remote water village settlements. 
Main RQ: 

































































What is the socio-cultural 
background of indigenous 




To understand the socio-cultural 
background of indigenous 







cultural background of 
indigenous residents of water 
villages in Sabah. 
 
Knowledge 1:  
Understanding the socio-cultural background 













What are the appropriate 
independent STP systems and 
environmental standards for 
developing an efficient new 
system design for water villages 
in Sabah?   
RO 2: 
To Identify and recommend   the 
appropriate independent STP 
system and environmental 
standard for developing an 
efficient new system design for 






2.1. Documentation of current 
STP standards for design.  
2.2.Documentation of 
regulatory standards for 
Malaysian wastewater 
2.3. Identification of main 
components of STP system 
2.4. Recommendation for 
specification design of 
modular of independent STP.   
Knowledge 2: Recommendation for design 
specification of modular of independent STP 
for water villages in Sabah.   



















How could an efficient 
independent STP system be 
designed for reducing water 
contamination at water villages in 
Sabah? 
RO 4: 
To determine the most efficient 
independent STP system  be 
designed for reducing water 













regarding number of 
chambers, and optimized 
operating volume for each 
chamber. 
4.2. Recommendation for 
operational limitations of 
proposes independent STP. 
4.3. design specification 
proposal for   independent 
STP system  
Knowledge 4: 
Design specification recommendation for 











How could someone easily install 
an independent STP under timber 
framing structure at water 
villages in Sabah? 
RO 3: 
To recommend the best method 
to easily install an independent 
iSTP under timber framing 






3.1. Timber framing load 
design calculation 
3.2. Recommended Modular 
design of independent STP. 
3.3. Independent STP 






3.1. Structural loading design recommendation 
for timber frame. 
3.2. Independent STP prototype for timber 
frame installation. 
3.3. Guideline for installing modular 










1.6.1   Research Questions 
 
The following research paradigm is based within the design development discipline.  
 
 
Main Research Questions 
 
What are the main components for developing an independent sewerage treatment 
plant system for reducing water contamination at water villages in Sabah? 
 
 
Sub- Research Questions 
 
 What is the socio-cultural background of indigenous residents of water 
villages in Sabah?  
 What are the appropriate independent STP system and environmental standard 
for developing an efficient new system design for water villages in Sabah? 
 How could an efficient independent STP system be designed for reducing 
water contamination at water villages in Sabah? 
How could someone easily install an independent STP under timber framing 
structure at water villages in Sabah? 
 
 
1.6.2   Research Objectives  
 
The objectives of this study are: 
 
 To understand the socio-cultural background of indigenous residents of water 
villages in Sabah. 
 To Identify and recommend the appropriate independent STP system and 
environmental standard for developing an efficient new system design for 
water villages in Sabah within a design development paradigm. 
 To determine the most efficient independent STP system designed for 
reducing water contamination at water villages in Sabah. 
 To recommend the best method to easily install an independent STP under 
timber framing structure at water villages in Sabah. 
 
 
1.6.3   Summary of Research Design 
 
This research is an experimental research method that has four main phases. The first 
phase concerns the socio-cultural background of indigenous residents of water villages 
in Sabah. The second phase is about water contamination. The researcher tried to 
understand water quality and 5 major environmental tests are used for checking the 
quality of sewage. The third phase is about designing an independent sewerage 
treatment plant system. The final phase is about developing an iSTP system to 













1.7   Scope of Study  
 
This study covers a small treatment system design for industrialized timber houses with 
simple structure similar to a septic tank that treats small package of raw sewage that 
comes out form sewerage pipe. In fact, this research tries to solve the problems that 
these types of buildings have created. This study focuses on different parts of sewerage 
system and treatment plant to find out the best way for solving the problem.  
 
 




Indigenous houses are houses that indigenous people build and are made of wood and 




Contaminated water is in the natural waters that are not potable and recyclable. Today, 





Cholera is a bacterial infection. It is caused by drinking water contaminated with vibrio 








It is human urine and faeces.  
 
Independent Sewerage Treatment Plant 
 
Wastewater treatment system is a system that treats the wastewater. This plant can be 
very large such as for a factory or small such as a septic tank for a bungalow house.  
 
 
1.9   Outline of the Thesis 
  
This thesis is divided into six chapters as follows:  
  
Chapter One presents the overall introduction of the research. It examines the 
background of the research problems as well as the aims and objectives of the research 
that are formulated based on the area of study. The theoretical framework and the 











Chapter Two discusses the literature review of water contamination and independent 
sewerage treatment plant system and modular integration.  
 
Chapter Three presents the experimental research methodology. The experimental 
method evaluated two prototype of iSTP design system (600 L & 350 L). Data 
collection and data analysis are also discussed in this chapter. 
 
Chapter Four presents the results gathered from all of the analysis tests (BOD5, COD, 
TSS, AN, and PH). In addition, the experimental method which includes the laboratory 
test and analysis of the test will also be presented. It also presents the average results of 
outlet discharge in iSTP 600 L system design and iSTP 350 L system design and how 
the researcher specified a smaller iSTP.   
 
Chapter Five concentrates on the average results of iSTP 350 L system design and the 
use of prototype dimension form new modular ISTP 350 L system design. The 
researcher also presents the assembly part in this chapter. 
 
Chapter Six covers the answers to research questions, knowledge claims, limitation of 
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